Studies from Hertfordshire and Preston in the United Kingdom consistently reported a higher prevalence of non-insulin-dependent diabetes mellitus (NIDDM) and/or impaired glucose tolerance (IGT) among subjects aged 50 to 70 years with either low birth weight and/or low weight at the age of 1 year [1, 2] . The authors therefore suggested a major role of intrauterine malnutrition for the risk of developing NIDDM much later in life (i. e. after the age of 40 years). The association between low birth weight and risk of NIDDM has also been confirmed in Diabetologia (1997) 40: 439-446 Low birth weight is associated with NIDDM in discordant monozygotic and dizygotic twin pairs Summary Previous studies have demonstrated an association between low weight at birth and risk of later development of non-insulin-dependent diabetes mellitus (NIDDM). It is not known whether this association is due to an impact of intrauterine malnutrition per se, or whether it is due to a coincidence between the putative "NIDDM susceptibility genotype" and a genetically determined low weight at birth. It is also unclear whether differences in gestational age, maternal height, birth order and/or sex could explain the association. Twins are born of the same mother and have similar gestational ages. Furthermore, monozygotic (MZ) twins have identical genotypes. Original midwife birth weight record determinations were traced in MZ and dizygotic (DZ) twins discordant for NIDDM. Birth weights were lower in the NIDDM twins (n = 2 × 14) compared with both their identical (MZ; n = 14) and non-identical (DZ; n = 14) non-diabetic co-twins, respectively (MZ: mean ± SEM 2634 ± 135 vs 2829 ± 131 g, p < 0.02; DZ: 2509 ± 135 vs 2854 ± 168 g, p < 0.02). Using a similar approach in 39 MZ and DZ twin pairs discordant for impaired glucose tolerance (IGT), no significantly lower birth weights were detected in the IGT twins compared with their normal glucose tolerant cotwins. However, when a larger group of twins with different glucose tolerance were considered, birth weights were lower in the twins with abnormal glucose tolerance (NIDDM + IGT; n = 106; 2622 ± 45 g) and IGT (n = 62: 2613 ± 55 g) compared with twins with normal glucose tolerance (n = 112: 2800 ± 51 g; p = 0.01 and p = 0.03, respectively). Furthermore, the twins with the lowest birth weights among the two co-twins had the highest plasma glucose concentrations 120 min after the 75-g oral glucose load (n = 86 pairs: 9.6 ± 0.6 vs 8.0 ± 0.4 mmol/l, p = 0.03). In conclusion, the association between low birth weight and NIDDM in twins is at least partly independent of genotype and may be due to intrauterine malnutrition. IGT was also associated with low birth weight in twins. However, the possibility cannot be excluded that the association between low birth weight and IGT could be due to a coincidence with a certain genotype causing both low birth weight and IGT in some subjects. [Diabetologia (1997) 40: 439-446] 
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40: 439-446]
Keywords Twins, non-insulin-dependent diabetes mellitus, birth weight, intrauterine malnutrition. Pima Indians [3] and recently in a Swedish population [4] .
However, another study from Oxfordshire -also in the United Kingdom -did not demonstrate lower birth weights in either NIDDM patients or subjects with IGT; and concluded that genetic and "postnatal" environmental factors play quantitatively more important roles in the development of NIDDM compared with intrauterine malnutrition or low birth weight per se [5] . Accordingly, several epidemiological and metabolic studies of twins and first-degree relatives of NIDDM patients have indicated an important genetic component of NIDDM [6] [7] [8] [9] [10] . A postnatal environmental component is indicated by a strong association between the occurrence of NIDDM and the propagation of a modern western lifestyle [11] . Furthermore, the association between low birth weight and risk of NIDDM in some studies could theoretically be explained by a genetically determined reduced fetal growth rate. Thus, a reduced enhancement of growth in utero could -at least theoretically -be due to a putative genetically determined reduced insulin secretion or action in individuals predisposed to NIDDM [4, 5, 10, 12] . In other words, the genotype responsible for NIDDM may itself cause retarded fetal growth in utero. The notion of the important influence of genetics on the weight at birth is supported by the recent demonstration of familial aggregation of low birth weight among both whites and blacks in the United States [13] .
Other factors influencing birth weight include gestational age, maternal height, birth order and sex [13] ; and correction for those factors in previous studies was either not performed or was associated with various degrees of uncertainty [1, 2, 4, 5, 14] .
Studying birth weights in twins discordant for NIDDM allows perfect matching for both gestational age, maternal height, birth order (in relation to other siblings) and sex. However, specifically studying identical (monozygotic or MZ) twins discordant for NIDDM allows elimination of a putative influence of the genotype per se on the fetal growth rate. Therefore, the aim of the present study was to trace birth weights in MZ and dizygotic (DZ) twins discordant for NIDDM and IGT respectively, and thereby to provide further insight into the possible role of low birth weight and of intrauterine malnutrition in the aetiology and pathophysiology of NIDDM and/ or IGT in twins.
Subjects and methods
Subjects. The twins were identified through the Danish Twin Register [15] and were residents of almost all areas of Denmark. Initially, questionnaires were sent out to a total of 3074 MZ and DZ twins aged 55 to 74 years during November 1994. Questionnaires were only sent out to twin pairs both of whom were of the same gender. The twins were asked whether they suffered from diabetes diagnosed after the age of 40 years and whether they would agree to participate in the present study involving a standard oral glucose tolerance test (OGTT) and anthropometric measurements (see below). A total of 975 twin pairs replied, and among those twins 303 twin pairs (= 606 twins) answered that they would both agree to participate in the study. Thus, twin pairs in whom only one of the two co-twins agreed to participate were not included in the study. Classification of twins (identical (MZ) vs non-identical (DZ)) was based on the similarity method [16, 17] . OGTTs were subsequently performed in the 303 twin pairs of whom 125 twin pairs were MZ and 178 twin pairs DZ. Based on the results from the OGTT and in accordance with the diagnostic criteria as outlined below, we identified a total of 45 twin pairs discordant for NIDDM (i. e. one twin with NIDDM and the other with non-diabetic glucose tolerance; 18 MZ and 27 DZ pairs), and a total of 17 pairs concordant for NIDDM (both twins with NIDDM; 9 MZ and 8 DZ pairs). Furthermore, 74 twin pairs were discordant for IGT (i. e. one twin with impaired and the other with normal glucose tolerance (NGT); 22 MZ vs 52 DZ pairs) and 19 pairs were concordant for IGT (both twins IGT; 9 MZ vs 10 DZ pairs).
Original midwife birth weight records were traced primarily in the twin pairs discordant for NIDDM according to predefined criteria for NIDDM as outlined below. Thus, as outlined in the Introduction, we considered this to be an optimal design to evaluate a possible influence of the intrauterine environment on the risk for later development of NIDDM. Using this approach, the group of "non-diabetic" twins included subjects with IGT. However, to gain further insight into a possible influence of the intrauterine environment on adult glucose tolerance, and especially on the state of "IGT" per se, we also traced available original midwife birth weight records for the additional twin pairs. Birth weight data originally recorded by the attending midwives were subsequently obtained from the mothers' delivery records, which in turn were traced through the various regional archives located in the individual areas throughout Denmark where birth was reported by the twins. Original midwives' records, including valid birth weight information, were available primarily for twins born after 1927. The records contained obstetric data on first-and secondborn twins, respectively. Classification of the twins as first-or second-born was based on information from the participating twins concerning the birth sequence. There was complete agreement concerning individual birth sequences within all twin pairs when asking each twin separately.
The protocol was approved by the regional ethical committee and the procedures were performed according to the principles of the Helsinki Declaration.
Methods. All subjects participated in a standard 75-g OGTT after a 10-12-h overnight fast. Plasma glucose concentrations were analysed in the fasting state (0 min), 30 and 120 min after oral glucose ingestion by the glucose dehydrogenase oxidation method. Plasma insulin, proinsulin and C-peptide concentrations were measured using two-site, two-step, time resolved immunofluorometric assays as previously described (DEL-FIA) [18, 19] . Plasma insulin concentrations were measured at the same time points as the plasma glucose concentrations, whereas plasma proinsulin and C-peptide concentrations were measured only in the fasting state. Incremental glucose and insulin areas under the curves (AUCs) were calculated using the trapezoidal method. Cross reactivities with proinsulin, C-peptide and Des(31,32)-split product in the insulin assay were all less than 0.4 %. Intra-assay coefficients of variation in the physiological ranges were 3.6-4.3 % for plasma insulin; 4.1-6.4 % for plasma proinsulin; and 1.7-2.3 % for plasma Cpeptide concentrations. Inter-assay coefficients of variation were 1.7-3.4 % for plasma insulin; 5.7-7.2 % for plasma proinsulin; and 2.7-6.3 % for plasma C-peptide concentrations. The fasting blood samples were also analysed for serum triglycerides, total cholesterol, HDL-cholesterol and LDL-cholesterol using commercial kits from Boerhinger Mannheim, Mannheim, Germany. Plasma lipid concentrations were only measured in the twins discordant for NIDDM. Waist circumference was measured using a soft tape on standing subjects midway between the lowest rib and the iliac crest. Hip circumference was measured over the widest part of the gluteal region, and the waist-to-hip ratio was calculated accordingly.
Criteria for the diagnosis of NIDDM included 1) diagnosis of diabetes after the age of 40 years and current use of antidiabetic medication or diet and/or 2) according to the World Health Organization (WHO) criteria (i. e. fasting venous plasma glucose concentration ≥ 7.8 mmol/l and/or 120 min venous plasma glucose concentration ≥ 11.1 mmol/l after a 75-g oral glucose load. Subjects with fasting plasma glucose concentrations below 7.8 mmol/l and 120 min OGTT plasma glucose concentrations ≥ 7.8 mmol/l and < 11.1 mmol/l were classified as having IGT according to WHO criteria.
Statistical analysis
Non-parametric statistical methods (Wilcoxon's signed rank test for paired data (i. e. within twin pair differences) and Mann-Whitney test for unpaired data (i. e. between twin pair differences) were used for analysis of data. Correlation analyses were performed using the non-parametric Spearmans rho (R) analysis. All tests applied were two-tailed and p = 0.05 or less was considered significant. Data are presented as mean ± SEM.
Results
Complete birth weight records were identified for 28 pairs (i. e. 56 individual twins) out of the total number of 45 twin pairs who were discordant for NIDDM at the time of the present study. Fourteen of the 28 pairs were MZ (identical) and 14 were DZ (non-identical) twin pairs.
Clinical characteristics of the 28 twin pairs discordant for NIDDM are given in Table 1 . Nine of the MZ and 8 of the DZ NIDDM twins were known NIDDM patients at the time when OGTTs were performed. Mean duration of diabetes in those twins was 9 (range 1-32) years for the MZ and 11 (range 2-20) years for the DZ twins. One of the MZ NIDDM twins was treated with insulin, 6 with oral hypoglycaemic agents and 2 with diet. Four of the DZ NIDDM twins were treated with insulin, 1 with an oral hypoglycaemic agent and 3 with diet. Treatment was withdrawn at least 24 h before the OGTT. The NIDDM diagnosis was confirmed in all of the previously diagnosed NIDDM twins according to the results of the OGTTs and WHO criteria. The rest of the NIDDM twins (i. e. 5 of the MZ and 6 of the DZ NIDDM twins) were newly diagnosed NIDDM patients based on the results of OGTTs in accordance with the WHO criteria as described, and were therefore not undergoing any treatment at the time of this study.
The mean age was similar in MZ and DZ twins (Table 1) . Compared with their non-diabetic cotwins, the NIDDM MZ twins were significantly Mean ± SEM; n = 14 for all determinations except for the plasma lipid concentrations where n = 12. All measurements were in plasma or serum samples.
p < 0.05; NIDDM vs non-diabetic co-twins. e p < 0.05; non-diabetic MZ vs non-diabetic DZ twins heavier, had higher body mass indices and showed more abdominal obesity ( Table 1) . The NIDDM and non-diabetic DZ twins did not differ significantly in weight, BMI or waist-to-hip ratios (Table 1) . Both MZ and DZ diabetic twins had significantly higher fasting and 2-h plasma glucose compared with their non-diabetic co-twins (Table 1) . Furthermore, the non-diabetic MZ twins had significantly higher mean fasting plasma glucose concentrations compared with the non-diabetic DZ twins ( Table 1) . Seven of the 14 non-diabetic MZ twins and 4 of the 14 non-diabetic DZ twins had IGT according to WHO criteria. Incremental glucose AUCs during the OGTT mainly reflected the 120-min plasma OGTT glucose concentrations, and were higher in diabetic compared with non-diabetic twins (Table 1) . Incremental insulin AUCs were lower in diabetic twins compared with their non-diabetic co-twins, although this difference only reached statistical significance in the DZ twins ( Table 1 ). The ratio between incremental insulin and glucose AUCs were lower in diabetic compared with their non-diabetic co-twins. In addition, the ratio between incremental insulin and glucose AUCs were lower in MZ non-diabetic compared with the DZ non-diabetic twins (Table 1) . Serum triglycerides were higher in the MZ NIDDM twins compared with the MZ non-diabetic twins (Table 1 ). Serum total cholesterol concentrations were similar in all groups, and serum HDL -and LDL cholesterol concentrations did not differ significantly between the study groups (Table 1) . Finally, blood pressure measurements were not significantly different between any of the study groups (data not shown).
Individual intra-pair birth weight differences and mean birth weights in the twins discordant for NIDDM are presented in Figure 1 and in Table 1 . The range of individual birth weights were for MZ NIDDM twins: 1550-3500 g; MZ non-diabetic twins: 1850-3500 g; DZ NIDDM twins: 1500-3250 g; DZ non-diabetic twins: 2000-4600 g. The twins with documented NIDDM had significantly lower birth weights compared with their non-diabetic co-twins irrespective of zygosity classification (2571 ± 95 vs 2841 ± 105 g, p < 0.0001). Furthermore, when the two twin groups were regarded separately, the lower birth weights in the NIDDM twins compared with their non-diabetic co-twins remained statistically significant for both MZ (2634 ± 135 vs 2829 ± 131 g, p < 0.02) and DZ (2509 ± 135 vs 2854 ± 168 g, p < 0.02) twin pairs (Table 1, Figure 1) . Finally, when the twins (n = 28 pairs) were divided into pairs with NGT according to WHO criteria in the non-diabetic twins (n = 17 pairs), and pairs with IGT in the non-diabetic twins (n = 11 pairs), the NIDDM twins had statistically significant lower birth weights compared with both their NGT and IGT co-twins, respectively (NIDDM vs NGT co-twins: 2587 ± 124 vs 2827 ± 162 g, p < 0.05; and NIDDM vs IGT-co-twins: 2548 ± 153 vs 2864 ± 102 g, p < 0.01). No significant correlation was found between the duration of diabetes and intra-pair differences in birth weights in the discordant pairs.
Additional original birth weight records were traced in 81 twin pairs out of the 303 pairs who participated in the OGTT. Of those, 8 pairs (4 MZ and 4 DZ pairs) were concordant for NIDDM, 6 pairs (3 MZ and 3 DZ pairs) were concordant for IGT, 39 pairs (13 MZ and 26 DZ pairs) were discordant for IGT, and in 28 pairs both twins were non-diabetic. Individual intra-pair birth weight differences in the dizygotic (DZ; non-identical) and monozygotic (MZ; identical) twin pairs discordant for NIDDM (i. e. birth weight of the NIDDM twin minus birth weight of the corresponding non-diabetic co-twin). Note that a negative value is obtained when the birth weight of the NIDDM twin is lower than the birth weight of the corresponding non-diabetic co-twin. The intrapair birth weight differences are presented in a "ranked" order according to the absolute magnitude of the differences.
Hatched bars indicate IGT in the "non-diabetic twin" (n = 11 twin pairs including one pair with similar birth weights among the two co-twins), whereas closed bars indicate normal glucose tolerance in the non-diabetic twin according to the WHO criteria (n = 17 twin pairs including 4 pairs with similar birth weights among the two co-twins). MZ and DZ NIDDM vs non-diabetic co-twins: p < 0.02 for both comparisons No significant difference in birth weights was detected within the concordant twin pairs among the two co-twins who reported to have diabetes diagnosed first compared with second or last (ie first vs second diagnosed diabetes; mean birth weights: 2800 ± 240 vs 2750 ± 185 g, NS). The difference in duration of "known" diabetes within the concordant twin pairs was 5 ± 1 years.
No significant differences in birth weights were detected within twin pairs discordant for IGT when the twin pairs were considered as one group (n = 39 MZ and DZ twin pairs; IGT twins vs NGT co-twins: 2604 ± 70 vs 2623 ± 65 g, NS) or separately as MZ (n = 13) or DZ (n = 26) twins (data not shown). However, in this larger group of both MZ and DZ twins (n = 218 twins ( = 109 twin pairs)), birth weights were significantly lower in the combined group of twins with either NIDDM or IGT compared with twins with NGT (n = 106 vs 112; mean ± SEM: 2622 ± 45 vs 2800 ± 51 g, p = 0.01). In addition, mean birth weights were significantly lower in the total group of MZ and DZ twins with IGT compared with the twins with NGT (n = 62 vs 112; mean ± SEM: 2613 ± 55 vs 2800 ± 51 g, p = 0.03).
Individual birth weights did not correlate significantly with fasting, 30-min or 120-min OGTT plasma glucose concentrations in the twins discordant for NIDDM. However, considering all 218 individual twins with known birth weights, individual twin birth weights correlated inversely with the 120-min OGTT plasma glucose concentration (n = 218, R = -0.15, p < 0.03). Furthermore, a somewhat stronger correlation was found between birth weight and 120-min OGTT plasma glucose concentration, when individual intra-pair difference correlations were determined (n = 109 pairs, R = -0.26, p < 0.01).
A statistically significant positive correlation was found between birth weight and adult body weight (n = 218, R = 0.14, p = 0.03), and a negative correlation was found between birth weight and 120-min OGTT plasma insulin concentration (n = 218, R = -0.13, p < 0.05). No statistically significant correlations were determined between individual birth weights and fasting plasma glucose concentration, 30-min OGTT plasma glucose concentrations, BMIs or waist-to-hip ratios. Furthermore, no statistically significant correlations were found between individual birth weights and fasting or 30-min OGTT plasma insulin, or between birth weights and fasting proinsulin or C-peptide concentrations in the total group of 109 twin pairs ( = 218 individual twins), or in any study group sub-populations. Finally, birth weights did not correlate significantly with incremental insulin AUCs , glucose AUCs or with the ratio between insulin AUCs and glucose AUCs.
In 23 twin pairs out of the total of 109 MZ and DZ twin pairs, the two co-twins had similar birth weights. In the remaining 86 twin pairs -including both normal, IGT and NIDDM twins -the twins with the lowest birth weights among the two co-twins had significantly higher 120-min OGTT plasma glucose concentrations and incremental glucose AUC during OGTT compared with their co-twins with the highest birth weights (Table 2) . When MZ (n = 36 pairs) and DZ (n = 50 pairs) were considered separately, the difference in 120-min OGTT plasma glucose concentrations reached statistical significance in the MZ twins (p < 0.05), but not in the DZ twins (p = 0.12). Incremental glucose AUCs were not significantly different between twins with the lowest and highest birth weights when MZ and DZ twins were considered separately (p = 0.25 and 0.19, respectively). Fasting or 30-min OGTT plasma glucose concentrations were not significantly higher in the twins with the lowest compared with the highest birth weights (Table 2 ). However, adult height was slightly but significantly lower in the twins with the lowest compared with highest birth weights ( Table 2) . Furthermore, the absolute adult weight was lower in twins with the lowest birth weights, although this difference did not reach statistical significance ( Table 2 ). Finally, when comparing twins with the highest and lowest birth weights among the two co-twins with different birth weights, we were unable to detect any significant effect of birth weight on BMI, waistto-hip ratio, fasting 30-min or 120-min plasma insulin concentrations, incremental insulin AUC, or on the incremental (insulin AUC/glucose AUC) ratio (Table 2).
Discussion
The finding of significantly lower birth weights in both MZ and DZ NIDDM twins compared with their non-diabetic co-twins excludes the possibility that other factors such as gestational age, maternal height, birth order and/or sex [20] could explain the lower birth weights in the NIDDM patients/twins in this and perhaps in previous studies. Most importantly, however, the finding of lower birth weights in the MZ NIDDM twins compared with their genetically identical non-diabetic co-twins eliminates the theoretical possibility that the association between low birth weight and risk of NIDDM could be explained solely by a coincidence between the "NIDDM susceptibility genotype" and impaired intrauterine growth. Therefore, the lower birth weights in the twins who later developed NIDDM were probably due to some degree of intrauterine malnutrition, at least compared with their co-twins who did not develop diabetes. Finally, the impact of low birth weight on diabetic status is supported by our finding in the larger group of unselected twin pairs (n = 86 twin pairs), that twins with the lowest birth weight among the two co-twins had a significantly higher 120-min OGTT plasma glucose concentration, and a significantly higher incremental glucose AUC during the OGTTs (Table 2) . It is noteworthy that we were able to detect a statistically significant mean difference of only 195 g in birth weights within the relatively small group of 14 MZ twin pairs discordant for NIDDM (Table 1, Figure 1) . Specifically, this small but significant difference is thought-provoking when seen in the light of the large range of birth weights from 1500 to 3500 g in the group of NIDDM twins. This may suggest that it is not so much an absolute low birth weight per se, but rather a disproportionately low birth weight in relation to an individual and possibly to a large extent genetically determined birth weight, which predispose to NIDDM much later in life. Moreover, it may also illustrate that low birth weight is possibly only a marker of an unfavourable intrauterine environment or event predisposing to NIDDM, rather than a predisposing factor to NIDDM itself.
The notion that birth weight may at least be partly genetically determined is in accordance with the recent study by Wang et al. [13] . It may also explain why large study materials were required to demonstrate an association between low birth weight and NIDDM in general population studies [1] [2] [3] , and why at least one study did not demonstrate lower absolute birth weights in NIDDM patients [5] . However, when eliminating the genetic influence on birth weight using identical twins, which in addition eliminate the difficulties assessing and correcting for gestational age, maternal height, etc, small differences in a small study population can be detected.
The impact of a non-genetic intrauterine component for the risk of NIDDM such as malnutrition demonstrated in this and other studies [1] [2] [3] , does not of course exclude that other factors including both "postnatal" environmental and genetic components may play important roles in the aetiology and pathophysiology of NIDDM. However, it does expand our conception of NIDDM as a multifactorial disease, and may also to some extent bring into question some conclusions concerning the aetiology of NIDDM made from previous studies. For one thing, the notion of an important genetic component in the aetiology of NIDDM is partly based on the finding of higher concordance rates of NIDDM in MZ compared with DZ twins [6, 7] . However, MZ twins are more likely to suffer from intrauterine malnutrition compared with DZ twins [21] , and the validity of twin studies for aetiological conclusions concerning genes vs environment in diseases where intrauterine malnutrition may play a role (as in NIDDM) has therefore also been questioned [22] . On the other hand, the evidence for a genetic component in NIDDM also comes from several studies demonstrating metabolic abnormalities and a higher risk of NIDDM in offspring of NIDDM patients [9] . In addition, the risk of NIDDM differs significantly between different ethnic populations [23, 24] which further supports the existence of a "NIDDM susceptibility genotype" in the aetiology of NIDDM. In this study we found a higher fasting plasma glucose concentration, and a significantly lower ratio of incremental insulin-glucose AUC ratio during OGTTs in the group of non-diabetic MZ twins compared with the non-diabetic DZ twins in the face of virtually identical birth weights (Table 1) . This, by itself, could be taken to support the existence of and a role for a NIDDM susceptibility genotype in the aetiology of NIDDM independent of birth weight and intrauterine malnutrition.
It should also be mentioned that the present study demonstrated the impact of a non-genetic intrauterine component in the twin in a given twin pair who developed diabetes first. Thus, the non-diabetic cotwins in (at least MZ twin pairs) discordant for NIDDM may themselves exhibit various degrees of prediabetic abnormalities of glucose metabolism [10, 25] , and are therefore highly likely to develop NIDDM later in life [7] .
Hales et al. [1] reported an association between low birth weight and abnormal glucose tolerance at age 64 years, including subjects with overt NIDDM and IGT in one group. In the present study, we did not find significantly lower birth weights in the 39 twins with IGT compared with their normal glucose tolerant MZ and DZ co-twins. Therefore, using a similar approach and study design as in the twin pairs discordant for NIDDM per se, we were unable to demonstrate any influence of a non-genetic intrauterine component -or even of low birth weight -in the aetiology and/or pathophysiology of IGT per se. On the other hand, after the inclusion of a larger number of twins concordant for either NIDDM, IGT or NGT, we did find statistically significant lower birth weights in this larger population of IGT twins compared with the total group of NGT twins. Therefore, our data does support the previous finding of an association between low birth weight and both IGT and NIDDM as originally reported by Hales et al. [1] . However, because we did not find any difference in birth weights within the MZ twin pairs discordant for IGT per se, we cannot exclude the theoretical possibility that the association between low birth weight and IGT may at least partly be due to a coincidence between a specific genotype responsible for both a genetically determined low birth weight and IGT in some subjects. For example, one such coincidence could be due to a mutation or polymorphism at the coding region for insulin receptor substrate-1 (IRS-1), which in its presence may both cause low birth weight [26] , insulin resistance [27] and an increased risk of developing NIDDM in adult age [28] . Finally, we cannot exclude that other factors such as gestational age, maternal height and/or birth order could have explained the association between low birth weight and IGT in twins using the unpaired study design.
The correlations between birth weight, plasma glucose and plasma insulin concentrations found in this study were relatively weak. In the case of 120-min OGTT plasma glucose concentrations, the correlation coefficient of -0.26 indicates that birth weight per se may only explain 5 % of the variance. Furthermore, various factors associated with the insulin resistance syndrome including BMI and waist-to-hip ratio did not correlate significantly with birth weight. This, by itself, supports the view that other factors including both genetics and postnatal environmental factors play important roles in the aetiology and pathophysiology of both abnormal glucose tolerance and insulin resistance in man.
The mechanism through which intrauterine malnutrition increases the risk of NIDDM may include both impaired insulin secretion [5] and peripheral insulin resistance [4, 29] . The weak but significant inverse correlation between birth weight and 120-min OGTT plasma insulin concentrations found in this study may support a role of insulin resistance. However, studies using more sophisticated methods such as the hyperinsulinaemic euglycaemic clamp technique are required to provide more insight into this issue. Furthermore, the possibility that intrauterine malnutrition increases the risk of obesity in adult life, a known risk factor of NIDDM, cannot be totally excluded [30] . The latter possibility may to some extent be supported by the finding of a significantly higher adult weight and BMI in the MZ NIDDM twins compared with the MZ non-diabetic twins in this (Table 1 ) and in our previous study [10] . However, this is not likely to be the sole explanation as the DZ NIDDM and the DZ non-diabetic twins had similar adult body weights in the face of significantly lower birth weights in the DZ NIDDM twins (Table 1). Furthermore, we found a positive rather than a negative correlation between birth weight and adult weight in the total twin study population. Therefore, our results are in keeping with the previous conclusion that the association between low birth weight and NIDDM goes beyond a putative influence of low birth weight on adult body weight [1, 4] .
In conclusion, the study supports the role of a nongenetic (environmental) intrauterine component, such as intrauterine malnutrition, for the development of NIDDM much later in life. IGT per se was also associated with low birth weight in twins. However, we cannot exclude that the latter association could at least to some extent be due to a coincidence with a certain genotype causing both a low birth weight and IGT in some subjects. An important challenge in future studies will be to address the exact nature of this non-genetic intrauterine factor in the aetiology of NIDDM, and to determine the extent to which this plays a role in the aetiology and pathophysiology of NIDDM as compared with genetics and postnatal environmental factors.
